Abstract Exposure to loud sounds results in a mild to profound degree of temporary or permanent hearing loss. Though occupational noise exposure remains the most commonly identified cause of noise-induced hearing loss, potentially hazardous noise can be encountered during recreational activities. Unfortunately not much attention is being given to the increasing trend of prolonged exposure to noisy environment, in the younger generation of Indians. The purpose of our study was to know the knowledge of college students about the harmful effects of loud music, prevailing practices with regard to exposure to recreational music and the subjective effects that this exposure is causing if any. Cross Sectional survey of College Students (n = 940), from randomly selected colleges of Delhi University. Majority of students listened to music using music-enabled phones; earphones were preferred and 56.6 % participants listened to music on a loud volume. Effects experienced due to loud sound were headache (58 %), inability to concentrate (48 %), and ringing sensation in the ear (41.8 %). Only 2.7 % respondents used ear protection device in loud volume settings. Twenty-three percent respondents complained of transient decreased hearing and other effects after exposure to loud music. 83.8 % knew that loud sound has harmful effect on hearing but still only 2.7 % used protection device. The survey indicates that we need to generate more such epidemiological data and follow up studies on the high risk group; so as to be able to convincingly sensitize the Indian young generation to take care of their hearing and the policy makers to have more information and education campaigns for this preventable cause of deafness.
Introduction
Noise induced hearing loss (NIHL) is the gradual decline in auditory function following long term, repeated exposure to loud noise. The hearing impairment is sensorineural and usually bilateral. The impairment may be temporary or permanent and may range from mild to profound in degree.
Occupational noise exposure remains the most commonly identified cause of NIHL but potentially hazardous noise can be encountered during recreational activities [1] .
It is being observed that our young generation is increasingly being exposed to noisy environments, as they frequently engage in such recreational activities like attending discotheques, rock concerts, gyms, videogame parlours or listen to personal music players at a high volume. Listening to amplified music can be responsible for hearing damage of the same nature as that caused by industrial noise. Western literature has various studies, where authors have documented the detrimental effect of loud sound on hearing [2, 3] .
Apart from hearing loss, noise exposure also has other non-measurable effects such as irritability, insomnia and inability to concentrate. Various other indirect effects on health and wellbeing have been documented [4] , stressing the need for research on noise pollution in India.
In the Indian context, research on this aspect of exposure to loud recreational music as a cause of NIHL is still in the nascent stage, though we see more and more youngsters engaged in noisy activities.
The aim of our study was to study the music listening habits of college students in Delhi, their knowledge about harmful effects of loud sound and prevention and control measures; the subjective effects that this exposure is causing if any, and to get preliminary data on the intensity of sound in various exposure settings.
Materials and Methods

Study Design
Cross-sectional study.
Study Area
Colleges of Delhi University selected randomly.
Study Population
University students of Delhi.
Study Sample
We did not come across any study on prevalence of effects of loud recreational music among students in a university setting in India; hence no hypothesis was formulated for prevalence estimates. Hence an arbitrary convenience sample of 1,000 respondents was selected from various colleges of University of Delhi.
Data Collection Tools
A pre-tested and internally validated questionnaire was used to collect data to satisfy our aims and objectives. The questionnaire was self-administered and consisted of semi open-ended questions. The research was in accordance with the Helsinki Declaration and was approved by the institutional research project advisory committee. The participants' written informed consent was obtained on the basis of a procedure that is officially approved by our institution.
The exposure levels i.e. the intensity of sound that the students are exposed to were measured in the field (discotheques, rock concerts etc.), using a well-calibrated sound level meter.
Confidentiality of the questionnaire was ensured and participation in the study was purely voluntary.
Data Collection
The questionnaire was distributed amongst the students and then collected later. The students included under graduate and postgraduate students. Students with history of exposure to sudden loud sound such as a blast or explosion; history of chronic suppurative otitis media or a history of congenital deafness were excluded.
The sound level recordings were carried out at places of loud recreational music by a team of two people at the same places that were reported to be frequently visited by the students under similar settings. The instrument used was a calibrated integrating average sound level meter (Type 2240); Bruel and Kajer. The sound level meter was used at different distances from the speakers and at different times representing early, mid and late evening periods. Measurements were conducted at discotheques, private parties, rock shows during the college festival, dance parties and in a closed car with the music player on the preferred output setting. The measurement parameter was the equivalent continuous A-weighted noise level (L Aeq ) in decibels.
Data Management and Data Analysis
All questionnaires were pre coded and a spread sheet was created using MS excel software. Descriptive tables were generated and statistical analysis was performed using logistic regression analysis using SPSS version 17.0.
Results
Total 940 participants satisfactorily completed the questionnaire. The age group was 16-30 years. The mean age of the participants was 20 years with SD = 2.0. 95.8 % of the participants were in the 1st, 2nd, and 3rd year of graduation.
Music Listening Practice
Majority of the participants (99 %) were music listeners. They listened to a mixture of different genre of music and more than 4/5th of the participants had Hindi film music in their music player playlist. The other popular genres were rock and pop music. Other forms of music listened to were Arabian, Bhajan, Bhangra, Bhojpuri, Country songs, Ghajal, Sufi, Heavy Metal, Alternate Metal, Soft rock, Tamil songs etc.
Majority of the participants were daily music listeners. Only \5 % were infrequent music listeners i.e. less than once a week ( Fig. 1) . 77.4 % of the participants listened to music for an hour or less at a stretch. Only 22.6 % engaged in listening to music for hours. Music enabled phones were the most common music player used. Personal computers/ Laptops and Music systems were used by more than 50 % of the participants.
Most participants (56.6 %) had a tendency to listen to music on high volume (Fig. 2) . 33.37 % of the participants reported asking others to reduce the volume of music systems e.g. in cars or parties, while 55.12 % of the respondents reported occasions when they were asked by others to reduce the volume of their music player.
Earphones were more commonly used for listening to music as compared to head phones (86.5 %, n = 874). It was seen that the respondents were more attuned to loud volume while using earphones/headphones for music listening as shown in Fig. 3 .
Attending music gatherings were infrequent events, with 56.73 % of the participants attending musical events, only once in a month. Twenty-fifth percentile of the respondents had an average frequency of once in 2 weeks, while median of the attendance was once in 4 weeks.
Open air music gatherings e.g. music-in-the-park were attended by 36 % of the respondents while 46.6 % said they attended both open air music gatherings and closed space entertainment venues e.g. discotheques. In places of social gatherings, majority of the participants (74.32 %) liked the music to be played loud.
Places frequented for recreation by the respondents of the survey were: malls, movies, parties, college functions, bars and discotheques, concerts, parks, pubs, dance parties, restaurants, clubs, cultural events, gathering at friends place and hostel rooms etc.
Knowledge
Effects of Loud Sound on Hearing
Majority (83.8 %) of the participants thought that loud sound has a harmful effect on hearing. 74.53 % respondents opined that loud sound has ''some'' effect on health.
Most of the respondents had discussed with their parents the effects of loud sound on health. Some had had a discussion at some point with the bartender, girlfriend or siblings.
The main sources of information about the effects of loud music on health were newspapers. Other common sources were books, television, doctors, health magazines, hospitals, hoardings, internet and parents.
Majority of the respondents had experienced some form of effect of loud music on health ( Table 1 ). The most common effects experienced due to loud sound were headache (58 %), inability to concentrate (48 %), and ringing sensation in the ear (41.8 %).
Only a small proportion (2.7 %) of the respondents made use of ear protective device in noisy gatherings. Out of those who wore ear protection devices, 68 % were aware that loud music is harmful.
Noise Control Regulations
45.27 % respondents were aware that some noise controlling regulations were in place out of which the most quoted was that loudspeakers are not allowed after 11 p.m in Delhi. Twenty-five percent said there were no legislations and 30 % said they did not know. About 83 % respondents suggested that noise controlling regulations should be in place, but 7 % of the respondents felt that there should not be any such regulations. Exposure Levels at Noisy Places The equivalent continuous A-weighted noise level, recorded in discotheques (average of various readings at different times and at different distances from the speaker) was in the range of 98-120 dB. Using the sound level meter we could not get very accurate ear level readings of sound from the personal music players, but still the levels recorded were in the range of 90-110 dBA. In social gatherings/open air concerts also the sound exposure range was 85-100 dBA. For loudness, the respondents were asked to mark on a scale of range 1-10 with 10 being the loudest. This scale was used for response to loudness, volume of headphone and preference for intensity of loudness at music concerts. Subsequently responses were grouped as low (1-5 on scale) and high (6-10 on scale).
Bi-variate analysis did not show any significant association between the predictor and outcome variables.
A logistic regression analysis was carried out to see if there were any predictors of adverse effects of loud sound experienced by the respondents. For this analysis, outcome variable was ''if ever experienced any effect of loud sound'' and the predictor variables were frequency of listening to music, duration of listening music at a stretch, loudness of sound in the music system, preference of loudness at music events/concerts and the number of years since enrolment at college as shown in Table 2 .
The only variable found to be significant was that respondents who reported listening to music less frequently (less than twice a week) were 38 % less likely (95 % CI 39.2-99.8) to have suffered from any adverse effect (p = 0.049).
Discussion
Sounds of sufficient intensity and duration have been found to be harmful for the sensitive inner ear structures and may lead to temporary or permanent hearing loss. Hence it is important to have surveys such as ours to assess some aspects of exposure to recreational music. The first audiometric sign of NIHL resulting from broadband noise is usually a loss of sensitivity in the higher frequencies, from 3,000 through 6,000 Hz. With continuing exposure, NIHL levels off in higher frequencies but continues to worsen in low frequencies. An important consequence is difficulty in understanding speech, leading to fatigue and anxiety in attending social activities occurring in noisy settings [5] . It has been observed that the prevalence of noise induced threshold shift increases with age, because of accumulated exposures over time. In a study it was found that children aged 12-19 years had a significantly higher prevalence estimate (15.5 %) than 6-11 year olds (8.5 %) [6] .
Though noise levels due to aircraft noise, traffic or in industries are being monitored in India, as yet there is no regular monitoring of noise due to leisure sounds, unlike western countries, where for example, through a national project in Sweden, it was found that 42 % of participating municipalities exceeded the highest recommended sound pressure levels for leisure sounds during festival and concert events, thus exposing the visitors to harmful sound levels [7] .
Personal listening devices (PLDs) allow users to listen to music uninterrupted for prolonged periods and at levels that may pose a risk for hearing loss. Listeners using ear bud earphones are more at risk, because they fail to Fig. 3 Preferred level of loudness of headphones/ earphones (n = 917) attenuate high ambient noise levels and necessitate increasing volume for acoustic enjoyment [8] . Ear phones are the more common modality used by music listeners [9] , as is also found in our study (86.5 %, n = 874), thus putting them in the higher risk group. In a study by Vogel et al. [10] , 90 % participants reported listening to music through earphones on MP3 players; 28.6 % were categorized as listeners at risk for hearing loss due to estimated exposure of 89 dBA for C1 h per day. A study from India also found that about 30 % in a group of 70 young adults listened to music above the safety limits (80 dBA for 8 h) [11] . In another study, 83.1 % of study participants used PLDs regularly, of whom 77.7 % used it for more than 1 h a day. Eighteen percent were aware that prolonged use of PLDs could be harmful to their health and overall, 12.4 % experienced temporary hearing loss [12] .
In a Dutch study comprising of 1,687 adolescents, ninety percent reported listening to music through earphones; 32.8 % were frequent users, 48.0 % used high volume settings, and only 6.8 % always or nearly always used a noise-limiter [13] . In our study too use of earphones was preferred; majority of the participants were daily music listeners; 56.6 % preferred listening to music loud and only 2.7 % used ear protection device. Our survey thus indicates that our youngsters are also facing the risk of increased exposure to loud leisure sounds.
Various studies have shown that exposure to loud recreational music over prolonged periods of time leads to various effects on hearing and health [14] [15] [16] [17] [18] [19] . These studies bought out recommendations for young people, who are perhaps not aware of the importance of good hearing to their future productivity and quality of life.
Night clubs and discotheques have become a significant part of the entertainment scene for many young adults. In our study 56.73 % of participants reported attending musical events, but only once in a month; 46.6 % reported attending both open air music gatherings and closed space entertainment venues e.g. discotheques. In these places, majority of participants (74.32 %) liked the music to be played loud. In a study by Rosanowski et al. [20] in a similar cohort, on an average the participants frequented a discotheque 1.4 times a month.
While exposure levels do vary, a typical night club attendee was found to experience an equivalent continuous A-weighted noise level of around 98 dB for up to 5 h, with a sustained period of regular club attendance contributing significantly to whole-of-life noise exposure. The average noise levels measured at the clubs sampled in our study (98-120 dBA), agree well with those measured in similar studies (L Aeq = 97.9 dB, SD = 5.5) [21] and range of 104.3-112.4 dBA [22] ; indicating a similar exposure level in our youngsters. [20] ; and tinnitus (84.7 %), hearing disturbance in (37.8 %) [23] .
Though 39.8 % respondents in a study thought it was very likely that noise levels at concerts could damage their hearing; 80.2 % said that they never wore hearing protection at such events [23] , a behavior also seen in our survey (only 2.7 % wore protection device). A study in Sweden revealed that students who reported tinnitus and other hearing related symptoms protected their hearing to higher extent and were more worried [24] . In our study though ear protection device was worn in only 2.7 % respondents; 68 % of these were aware that loud sound is harmful for hearing. This behavior reflects a lack of awareness regarding the seriousness of frequent exposures to loud music or lack of motivation towards hearing protection.
The regression analysis showed only one significant variable associated with adverse effect of noise, however subjectivity in response cannot be ruled out altogether, hence no conclusive evidence can be derived from this finding.
Based on insights gained through our survey and after review of literature we would like to conclude that the respondents are using personal music players for prolonged durations and at high volume settings. Many respondents have also experienced the effects of loud sound on hearing and health. Though our study is limited by lack of audiometric assessment of subjects, the exposure levels have been found to be similar to that reported in literature.
Out of the total respondents the cohort of regular listeners to loud music need to be counselled and also followed up for development of hearing loss. There is a need for further research to better define the risk criterion for exposure to loud recreational music, so that the youngsters can be better warned when exposure is to be limited and the use of protective ear devices can be encouraged.
